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openand during the24-hourperiodfrom7: 12 p.m.,22d, to 
7: 12 p. m., 23d, 11.03 billion cubic feet of water was (lis- 

During the flood period, from October 22 to 
Octo chTd er 27, inklusive, 42.4 billion cubic feet of wtlt,er was 
wasted over the spillway. This represents one tind one- 
third times as mudl water ns thnt c.ont.ained in the 1tdw 
between elevation SO and S i  feet. 

Galun. an.d Pedro iUigutd Lock c.wlvtrtx. --&tun and 
Pedro Miguel Lock sic1ewu.ll qulverts ran from tlpprosi- 
niately 9 p. m. of the 32d to 3 p. m. of the 33d. from 11.30 
p. m. of the 23d to 7.45 a. m. of the %th, and from 
6 p. m. of the 24th to 10.30 a. 111. of the 25th, dis- 
charging approximatdy 36,000 c. f. s. and ti total of 
5.4 billion cubic feet tlurirjg the flood period. Tliis 
ainount of water is equivalent, to 1.3 feet. in Gatun Lake. 

Tilt 44ind.i bikp.-A liiiiiting controlling feat iirc of 
spillway gate operation was t,he contlit.ion of  t.lie %Ihdi 
Dike, more than eight, gattw ruiinitig being consideret l 
dangerous in YO far as the dike was concerned. How- 
ever, with 9 and 10 gates open it stood the strain tirid for 
over 2 hours held against the inasinium dis(:ha.rp of 
155,430 c. f. s. when 11 gates were running. 

Telepho ne cornin imicatio n s.--With the escepbion of t,he 
Line from Alhajuela to Vigia, no break occurred in c.om- 
niunications until about. 1 p. m. of the 24th, when a ltlntl- 
slide north of Pedro Miguel severed d l  t,elaphone c o w  
munications. Hardly u. half hour passed before the 
electrical division had ltrrsnged for urlreless c.ommi1nic.n- 
tions and this scheme was adopted until by (i: 30 p. 111. ai 
temporary line was run around the slide and communica- 
tions were resumed though Gmiboa. Reports were 
received from Gatun over the autoniatic line and re.layed 
to Balboa from Gamboa. Bv 1 a. ni. of the 25tJi t.hc 
temporary line was replaced by permanent line, and by 
4:30 a. m. direct communicntion wit.h C;at,iin wtts again 

. 

.- 

established. 
Total vield durinu Rood period.-The uniount. of water 

that c&e into Gah'h LaGe during the flood eriocl ctln 

surface of the lake. rhe following table shows t h s e  
upproximate figures that were obtained by using h k c  
values at Gatun and known requirements anrl discherges : 

be deterniined only apli)rosisnu.tely, owing to t K e uiieveii 

Probable Gatun Lake totd yield (midnight to midnight). 
._ - -. . . . - . - 

~ c t  3.. .._._... 15.011; 1 173.S(J(l oct. 

I -.-A - -. .- -. . ._ .. . -- 

This total represents 1+ times as much water as that 
contained in the lake between elevation 80 and 87 feet. 
I t  is probable that durin the maximum rainy periods a 

occurred. 
From a comparison of rainfall records of the flood 

enods of 1909 and 1923, it will be seen that over Grttun 
Eake the rainfall was about three times as heav in 1923 

this region was probably three times as great as in 1909. 
Using this fact as a basis for a comparison of the two 
floods, a rough estimate of 1909 is possible. Assuming 
300,000 c. f. s. as the probable 1923 flood maximum 
momentary inflow and knowin that approximately 
100,000 c. f. s. came from the Clhagres, 200,000 c. f. s. 
then was the inflow over Gatun Lake area other than 
the Chagres. If this value was three times what it was 
in 1909, in 1909 then 67,000 c. f. s. was the probable 
maximum momentary yield of the lake area. In 1909 
approximately 154,000 c. f. s. was the maximum momen- 
tary yield of the Chagres above ,4lhajuela. 154,000+ 
67,000 = 221,000 c. f. s. probable maximum momentary 
yield of the 1909 flood. In  other words, the 1923 flood 
was to the 1909 flood as 300 is to 221, or roughly there 
was one-third more water momentarily that came into 
Gatun Lake durin the 1923 flood than there would have 
been in 1909 had &ere been a Gatun Lake. 

In using the above figures it must be remembered that 
at best they are on1 rough approximations and should 
be considered as suci. Anyhow, it is sure that this was 
preeminently a Canal Zone flood as to origin. The 1909 
one largely originated in the upper Chagres. It a pears 

prompt attention to protect canal structures. 

1 Average. 

momentary inflow as hig f i as 260,000 to 300,000 c. f. ' 8 .  

as in 1909. This would indicate that the in K ow over 

that a combination flood would require carefu P and 

IS THERE AN ANTITRADE WIND IN T H E  EQUATORIAL REQIONS?' 

By Rev. S. &4RAOOLA, 8. J. 
[Observatoire National, Bogota, Colombia, 01% 20,1923.3 

~sne ra l  circulation of th t  atmo..iph.ere.--ln the discussion 
of the eneral circulation of the atmosphere writers 
frequentf classify the winds tis t,rade uncl antitrade. 
In  the d orthern Hemisphere the former blow from the 
northeast in the strata nearest the surface of the earth. 
On the other hand it is said thrtt in tlie high regions of the 
atmosphere the antitrude winds move in the. opposite 
direction, from the southwest! to complete in thla mitnner 
the circulation of the currents. 

We do not intend t.o study here t,he influences that. 
are a.ttributed to the eortli in the deflection of tlie tmtle 
winds, such as the effect of the motion of rohtion, nor 
shall we investigate the causes of t4hose current.s; our 

urpose is to inquire whether the obserntions t,hat, we 
Rave from the equatorial and tro ical regions prove t,lie 
esistence of an antitrade in the Np orthern Hemisphere as 

has been written ugain and again since the meteorologis 
Dove advanced that theory alniost a century ago. 

What arguments lead the writers to verify the presence 
of that upper current or antitrade which blows, accord- 
ing to them, from the southwest? These can be suni- 
riiarizecl under two headings: 1. The direction of the 
smoke from so~ne yolcanoes and the ashes carried by 
that erluatoriitl current: 2. The direction of the elevated 
currents of cirrus anrl cirro-s tratus clouds which, as those 
writers :ifEriti, iiiust be froiii the southwest. 

Since this observatory (Obnrrvaforio Xacinnal de  S. 
Hrirtolemr', Bogota, Colombia) is situated at an elevation 
of %ti45 meters on the cordillcra of the dndes and since 
there are available observations for almost a j-eu in 
iicldition to those ublished by IEcv. L. Gangoiti, S. J., 
director of the O~servatory P of the College of BelBn, 

1 Translated from msauseript test in Spanish by Vi. W. Reed. Washington. D.C.. October 30,1921. 
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Havana, in the aper “ t?irr!tla.(*i6!1 gsnrrd  dc la afri26.Q- 
-firs," we hzve felieved it opportune to un:il!-ze those 
data to see if in reality t,he tlienry of t,he ant.itmtle is 
based upon liidisputable facta. It is to be not.ev1 that the 
books on nint,eorology conhin ccitegorical st,iit,ements. 
but do not give data that confirm them. 

Argiimen,fs agni.n.st the a n t h a d e  wind.-To prove the 
existence of the upper antitrade wind the writers refer to 
the ashes that the volcanoes have thrown out in some 
eruptions, instances of which are given, for example, in 
the work on meteorolo y by A. Angot. This argument 
is very much lacking in 9 orce,since the data are very few. 

Moreover, various observations of this phenomenon 
prove entirely the contrary; that is, that the antitrade, 
or the equatorial current of Dove, does not exist. 

With reference to the volcano Cotopasi a letter written 
b Father Sodiro, S. J., to the director of the B e l h  
Oiservatory merits attention. 

“The eru tion began about 6 a. m. on the 26th of June 
(1877), hurEng up a black column which on account of 
the stillness of t,he atmosphere rose vert>ically to the 
height of 8,000 to 9,000 meters abore t,he level of the 
crater. Thence through a current of air that was moving 
from the east. it was directed toward the westein cordi77rra, 
but the fine dust that formed w dense cloud begam to 
darken the nir to a great distance from the volcano. At, 
8 a. m. the wind suddenly changed and blew toivard 
west-northwest; the cloud of dust which until then filled 
the atmosphere only to t.he sout,h of Quit.0 was reaching 
that citj-. -4t that hour the darkness in Quito wits that 
of the beginning of a nioht without moonlight; at  2 p. m. 
there was ctmplete dakness, and between 3 p. m. and 
4 p. m. i t  was such that one could not see his hand before 
him and people were stumbling against one another in 
the streets. The light from t.he street lamps extended 
hard1 to a distance of 3 meters. 

“Tiis darkness and the ashes that caused it extended 
from the southwest to the northwest of the volcano; in 
Ambato (75 miles south of Quito) there W R S  ohs;trved 
on1 the immense cloud which estended over the Province 

Ocean. ” 
If it is added that on not a few days in 1907 and 1908 

the smoke from the volcano of Cotopasi moved from the 
second quadrant and occasionally from the west we s l i d  
be of the opinion that the eruptions of the Ecuadorian 
volcano do not prove tlie existence of the antitsiide 
wind. 

Nor does the voloano of Colima (in Mexico), which has 
an altitude of 3,960 meters, throw its smoke from the 
southwest. During almost nine months t,he prevailing 
current is from the second or from the fourth quadrant, 
only in March and sometimes in February is it from the 
southwest. 

And what is to be said of the result obtained from the 
observations of the highest clouds? I t  is true t,liat the 
data for B0got.a enibrice hardly an entire p a r ,  but just 
like those for the other p0int.s these confirm t.he same 
conclusion, namely, that the up er antitrade does not 

Obstrvations in Ecqiador and the tropical rPgio,in.-We 
he inwit.li those niade nl; Quit.0 made by Father Hnrhnch. 
S. ?., who not.ed the dirt-ction IT€ the cirrus c1011~ls for 38 
months. Also at Riobamba and Pifo obscrvations of the 

of E eon and reached toward the west as far as t,he Pacific 

exist. Let us summarize these o g semations. 

highest cdouds were niwrle in the years 190S, 1909, and 
1910. The result that is tlerived from all t.hese in that 
indic,rtted by Fat.1ic.r Gnngoiti in his paper. 

Quit,o and R.iobaiiiha are in ftwt in the Southern Hemi- 
s here, but. here they can he c.onsillerec1 in the Northern 
$einisphere, since at. hot,h plrlces bhe upper current from 
t.he nort.hwest t )r southwest ceases to be dominant, the 
cirrus clouds moving by fair most frequently from the 

undmnt antl with tlecrertsing fre uency from the 

stated in one of his let>t,ers that t,he cirrus clouds move 
from the northeast nlniost. mit.hout esc:ept,ion during the 
entire year. 

We are of the opinion, t.?ien, h i t  t.his current of the 
antitrade does not; exist in t,he h i t s  of Ecuador as 
niany writers have theoretically supposeil. 

ObservationR at Bogota.--Tn the observat,ions made 
eyery two holm for one year nt. the, mew 0bnPr.vatori.o Na- 
c.rcinn2 dt. S. Bartoloma‘ very careful st-udy has heen given 
to the direckions of t.he cirrus and c.irro-st.ra.t,us clouds, 
idso to t,liose of tlie intermetliste and lower clouds. The 
elevat.ion of t,he o’hservatorv ti.bove sea level is 2,615 
meters. Here is the result of the ohservhons. 

In the months of Octoher, November, ant1 December 
the upper currents niow from t,he t.hirt1 quadrant very 
rarely: in the following months they have this direction 
somewhat inore frequently. On t,he coiitrary the fre- 
quency wit4 which they inore froin the second quad- 
miit, is rather great, m t l  there is R t,enclency towaxd 
iiioreiiieiit from south. es ecially in the month of March. 
Henc,e neither do t.he o K servrttions at Bogota give us 
sount1 argun1ent.s in favor of  the antitrade. 

The reader will tlesire, perhaps, t.0 know what dircetion 
the int,orinetliate antl lower clouds hz3Y-e on this cordilbera 
of t.lie . h l e u .  I t  c:m he st,rttetl t,hut in this region of the 
a.tmoaphwe, too, t.he usual currents niow froin the SIX- 
ontl quadrant., although they sometimes undergo slight 
deviation. In t,he riun? sen.son t,he winds nearest the 
surface shift somewhat.. blowing from tho west a.t the np- 

What is t.o he said of t,he at.mosphcric. cirdntion ob- 
served in the subtropical regions extending to the north 
of Colomhia ? If we andyze t,he nephoscopic. data pub- 
lished in Washington ant1 the stuclies tha.t, v e  have rela- 
t.iw to the highest. current,s over t,he islnnds of the Carib- 
bean Sea, comparing at the sanie tinic t,he cjTclonic and 
niit,icyclonia circulnt ions. we shdl be of the opinion t.hat 
even here there (lo not exist convincing nrgunients in 
favor of tlir upper c,urrc:it. knowii by the name anti- 
tratlr. 

From t.he clat,a. on the upper current.s furnished by the 
Went,linr Bureau at Wnshin ton ant1 re ldng  to nepho- 
scopic ohserrat.ions t,he fo fx ing  conclusions may be 
reached. 

On bhe island of Triniilarl t.he highest, c.louds move ap- 
prosimat~ely from t,he west t lurina t,he niont.hs January 
to Map, inclusive, Noremher, antr Deceniher, and froni 
t.he east during the hurricane season. The westerly cur- 
rent is most, const.nnt, st, Curapw, where t.he clouds move 
from t,lie east.erly direct.ion only in t.he inont.hs of July 

Also in the Barbados, Dominica, and St. Kith the 
current is at tinics from the west, but not from the 
southwest,. According to Maxwell Hall the cirrus clouds 

seconc fist, ’i , fourth, and third cluarlrant,s. ’ti. at,her Herbach 

p r ~ t ~ ~ l i  of t,he S C ~ U ~ ~ S .  

am1 August. 
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Jniurarv ._.__._.__.__ 
March. .._. . . . __. . . _ _  Fehriiiry _....______. 
April _.____._________ 
Ilnv.. . . . . . . ._ __. _ _  _ _  
Jmie .... ._. _._. . _ _  ._. 

move from eat-northeast in the hurricane season. We 
shall not onlit iiienfioning the direction that the upper 
clouds hare at  San Juan, Porto Rico. In general it can 
be stated that t.he curreiit froni the second quadrant pre- 
dominates, the tinies at  which the southwest direction is 
observed being relatively few. 

There will hardly be found a series of observations of 
clouds so estended and so complete as that of the obser- 
vatory at  B e l h  College, Havana. The currents of the 
atnios here have been observed very carefully at  inter- 

In  the paper that its director, Father Gangoiti, pub- 
lished in 1904 we find the following results for the period 

vals o P two hours during a period of 51) years or more. 

1892-1902. 

H. S1 W. 15. 7~ W. I Jdy _..._._...__.__.. 1 N. 28 E. i N. 52 E. 
N. rss w. S. P C ~  w: j L=pt.embr.. . . _.. . . . N. n E. N. a E. S. s3 W. 4. SI W 41raust .._____._.____ N. 4s E. N. 54 E. 
Pi .W\V.  M. :<‘a W . Ortokr .  .__._._...._ N W W  8. fa1 W. 
N. S3 W. A. si W: Novemher ... . . _. ._. S:77 W: 1 S 72 W. 
N. 40 W. N. M W. 1 Dercmber.. . _ _  _. _._. I 8. !#I W. I 8: 73 W. 

Mean direction of upper douds at Havana, from the observations 
for  1 1 years (1 592-1 90.9). 

C!oncl~rsi.on.-There do not esiet sound arguments in 
favor of t.he theory of the antitrade wmd as advanced 
by many writers. In the observations in Ecuador, 
Bogota, Mesico, and the Antilles that upper current is 
not found to be constant and permanent. 

T H E  DEVELOPMENT OF METEOROLOGY A S  ILLUSTRATIVE OF T H E  ROLE OF MATHEMATICS IN T H E  PROGRESS 
OF SCIENCE.’ 

By EDGAR W. WOOLARD. 
[Weather Bureau, Washington. D. C., Dee. 10,19!3.] 

Mathematics plays a sin ularly fundamental r61e in all 

Spottiswoode,* ‘Conterminous with space and coeval with 
time is the kingdom of Mathemtitics; within this range 
her dominion is supreme; otherwise than accordin to 

On her mysterious scroll is to be no thing takes 
found written or those who can read it, that which has 
been, that which is, and that which is to conic.” An 
irrefutable proof of this claim, is provided by an unulysis 
of the r81e which mathematics has actually played in the 
develo ment of the sciences,B and in the present paper 

of Meteorolo a.s an %ustrat,ion. 

and comfort. come from an understanding o the environ- 
ment in which he finds himself-asBacon said, Knowledge 
means power and control over Nature; besides, he natu- 
rally feels an innate lon ing to know the explanations 

among the great nations of remote antiquity-the Egyp- 
tians, Ass r i m ,  and Babylonians. 

A t 4 n o s p ~ ~ r . i ~  phenomena niust have been among the 
first to attract attention, and meteorology, as a branch 
of knowledge, is probably as old as mankind, particularly 
since in early times primitive man lived largely in the 
o en, as hunter or agriculturist, and was forced t.0 watch 

Weather lore existed among the Chaldeans and the Raby- 
lonians two or three thousand years before the Christian 
era. 

The h t  major period in the history of meteorology 
ma be taken to be that from antiquity to about 1600 
A. 5. Early knowledge was cultivated only for imnie- 
diate practical needs, and in very primitive tinies the 
mere observation of facts without inquir as to causes 

constitute true science: We must generalize from our 
observations; the ultimate goal of scientific research is 
the discovery of fundamental and comprehensive laws, 
and the demonstration of how the phenomena and their 

domains of exact scient1 a c thought. In  the words of 

her order nothing can exist; in contradict,ion to her !? a m  . 
place 

we sha Y 1 use the histo and present status of the science 

B Man quick Y y finds by experience that his reatest good 

of the henomena that 5 e sees going on about him.’ 
Hence t 1 e very beginnings of natural.science are found 

t E e weather closely for the sake of his own ~relfare.~ 

was as far  as it was carried; such know r edge does not 

1 Presented before the Fourteenth meeting of the Maryland-Firginia-District of Colum- 
bla Section of the Mathematical Assoriation of Amerira, Annapolis, Md., December 8, 
1m. * Wm. Spottiswoocb Presidential address before the British Association. Rtpt. Brit. 
Allot. Ado. Sei., Dublin 1878. pp. 1-39. London, 1SQ. 
I See R D Camuchad. The rovirion made b mathematics for the needs of science. 

Bdencr (N 8 ) 45 rSS& 198. 
4 C/. ’R. ‘D: %&nichael! Motives for the cultivation of mathematln. Scientific 

Mmthlp 2 160-178 1919. 
* & e  b. Hellmabn. The dawn of meteorology. Quat. Jour. Roy. Met. Soc., 34, 

22l-pZ, 1908. 

laws result from a few simple underlying principles. 
Simple generalizations were inade at  an early stage by 
the ancients, but it wa.s left to the Greeks to initiate 
abstract thought and to invent esplanatory hypotheses. 
Greek thought culminated in the eat s stem of Ari- 

matized all knowledge then esisting, and subdivided 
Science, which at that time was only a part of Philo- 
sophy, into various special subject.s. Anstotle’s Mete- 
orologim was the first treatise on meteorolo . Out- 

and the Moors, there is little to record in the history of 
any science during the ensuing 2,000 years of scholastic- 
ism and int,rospection. 

Early science accepted its hypotheses without any 
adequate verificatory inquiry-its explanations did not 
have to explain more tehhan they were directly invented 
to ex lain, and t,liey did not have to cohere with pre- 

undiscovered facts: much of this ‘‘ science” was there- 
fore quite fantastic. The modern trained man of 
science “uses his powers of observation to discover the 
fa.cts of nature, his inventive ingenuity to propose 
various possible 1iypot)heses for the explanation of the 
facts, his power of logical reflection to think out, or 
deduce, from each hypothesis, in accordance with pre- 
viously acquired, pertinent knowledge, just what ought 
to happen if the hypothesis were true, and his impartial 
faculty of verification to decide which hypothesis, if 
any, is competent to explain the observed facts;”’ and 
he niust constantly be on his guard against the numerous 
errors that may creep in at  any stage of the procedure. 
In the sisteenth century there was a general raconstruc- 
tion and reorganization of thought; modem methods in 
science began with Galileo, and the complete Scientific 
Method came into prominence under the leadership of 
Francis Bacon (1561-1626). In  philosophy, a reaction 
“back to nature” took lace, away from the barren 

left the philosophic fold, and became di erentiated one 
from another: the great geographical discoveries of the 
fifteenth and sixteenth centuries, and the revolution in 
astronom occasioned by the work of Copernicus (1473- 

in of man’s mental horizon that ushered in a new area. 
%he second major period of meteorological history is 

that from 1600 to about 1800. The first essential in any 

stot.le (.354-323 €3. C.), who gathere r P  togeb ier and syste- 

side of the activities of the Alexandrian School, t ? e Arabs, 

viousy P acquired knowledge nor be able to predict 

f? 
scholasticism of the Mid B le Ages; the s ecial sciences 

1543) an B Kepler (1571-1630), contributed to a broaden- 

9 See E. W. Webster: The works of Aristotle translated Into English: MeteoroWico. 

7 W. k. D k s :  The reasonableness of science. Sdcntifi Mnthlv, 16,193-214, 1822. 
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